Introduction {#sec1-1}
============

The most common problem of preventive dentistry is the formation of microfissures between tooth tissues and the filling. Even the greatest precision applied during restoration, work performance cannot guarantee that the material will perfectly and permanently adhere to dentine. The causes of leaks formation are polymerization shrinkages of materials used for fillings and chewing forces.\[[@ref1]\] Bacteria residing in oral cavity penetrate freely through the resultant fissures under the fillings, which might lead to the development of secondary caries. Nowadays, dentistry is based on new materials and advanced technologies.\[[@ref2]\] However, the treatment of deep carious lesions remains dubious. For initiation and progression of dental caries, presence of a biofilm is necessary. Silver-based preparations that incorporated into various materials have been shown to be effective in inhibiting biofilm formation.\[[@ref3]\] At nanoscale, nanosilver particles exhibit remarkably unusual physical, chemical, and biological properties.\[[@ref4]\] Recently, a new disinfecting agent for use within dentistry has been introduced to the market: NanoCare Plus Silver Gold^®^ (NanoCare) (Dental Nanotechnology, Katowice, Poland), as the manufacturer states; the material comprises of silver nanoparticles (AgNPs) and small amount of gold nanoparticles (AuNPs). Yet, its exact characteristics are restricted.\[[@ref5]\] According to manufacturer\'s specification for NanoCare, its practical application covers antibacterial and antifungal effects and physical parameters enhancement of restorative materials.\[[@ref6]\] Moreover, it is a biocompatible material and probably may be used in deep cavities restoration.\[[@ref7]\] However, there is a lack of studies regarding NanoCare efficacy against one of the cariogenic bacteria, especially *Streptococcus mutans*, hence it could be a promising dental material that allows the elimination of secondary caries problem. Chlorhexidine (CHX) is considered to be the gold standard for the same purpose of using NanoCare.\[[@ref8]\] However, it has numerous side-effects such as staining, alteration of taste sensation, and parotid duct stenosis.\[[@ref9][@ref10][@ref11]\] Therefore, the present study was conducted to investigate the antibacterial activity of a new disinfecting agent NanoCare against *S. mutans* growth in comparison to CHX gluconate (0.2%) and assess the NPs size of a NanoCare disinfectant.

Materials and Methods {#sec1-2}
=====================

Study design {#sec2-1}
------------

A total of 36 samples of cavity disinfectants were divided into two main groups (G) (*n* = 18) as following; G1: NanoCare and G2: CHX. Each group was subdivided into two subgroups (C) (*n* = 9) according to the antimicrobial test that the samples were subjected to.

Antibacterial test {#sec2-2}
------------------

### Microorganism and culture condition {#sec3-1}

Carious dentine of serotype (c) strain of *S. mutans* ATCC 25175 (Microbiological Resources Centre, Cairo MIRCEN, Egypt) was used throughout the study. Bacteria were cultured overnight at 37°C in the brain--heart infusion broth (BHI, Merck KGaA 64271 Darmstadt, Germany) and used as inoculum. About 0.5 ml of suspension of inoculums having 10^6^ *S. mutans*/ml was estimated through McFarland standard (Densimat, BioMerieux, France) and used as working microbial solution before each experiment.\[[@ref12]\]

Agar well diffusion method

Mitis salivarius-bacitracin agar was poured into sterile Petri dishes (15 ml each) and 50 μl of *S. mutans* (10~6~ colony-forming uni \[CFU\]/ml) were dispersed on the surface of each agar plate. There were nine plates, in all the plates, two wells were punctured, and then one well was filled with aliquots of 100 μl of NanoCare and the other with 0.2% CHX digluconate (Sigma-Aldrich Prod. No. C9394, Germany). After incubation at 37°C for 24 and 48 h, the inhibition zones that were displayed by NanoCare group and CHX group against microbial growth were estimated.\[[@ref13]\]

Contact test

Different dilutions for commercial product NanoCare were prepared along with standard CHX solution. The range of dilution tested was 1:5--1:100 ratio (diluting fluid: Commercial product tested). To prepare 1:5 dilution; 0.5 ml of tested product were added to 9.5ml of distilled water to start with dilution at 1:5 in a sterile test tube using an automatic micropipette. Then to form dilution at 1:10; 1 ml of tested product were added to 9 ml of distilled water and so on dilution was carried out till the last tube was kept of 10 ml of 100% concentration of respective NanoCare, and the same experiment was repeated for CHX digluconate.

One milliliter of bacterial suspension, *S. mutans* (1.2 × 10^4^ CFU/ml) which was previously estimated using 0.5 McFarland standard (bacterial count 1.5 × 10^7^) and serial diluted, was added to each dilution of NanoCare containing tube and the same for CHX solution. The contact time was kept constant 1 min for all dilutions of NanoCare and CHX under test. After that, 1 ml of each contact solution was transferred to 9 ml of standard neutralizer, and finally, 0.1 ml of this suspension was transferred on Tryptic Soy Agar Media (TSA; Difco Laboratories, Detroit, MI, USA). All the plates (triplicate for each dilution) were incubated for 24 h at 37°C. After incubation, the bacterial colonies were counted from the most suitable plates for each dilution in comparison with the counts of *S. mutans* (without test agents).\[[@ref14]\]

The evaluation of particle size distribution and zeta potential {#sec2-3}
---------------------------------------------------------------

The particle size distribution by number as well as intensity and zeta potential of NanoCare samples were measured using a Zeta-Sizer Ver. 7.04 instrument (Nano-ZS, Malvern Instruments Ltd., UK). For measuring zeta potential, the samples were diluted (5 times) by deionized water just before assessment.\[[@ref15]\]

Statistical analysis {#sec2-4}
--------------------

The mean and standard deviation (SD) values were calculated for each group in each test. Data were explored for normality using Kolmogorov--Smirnov and Shapiro--Wilk tests. Data showed parametric (normal) distribution. Independent sample *t*-test was used to compare between two groups in nonrelated samples. Paired sample *t*-test was used to compare between two groups in related samples. The significance level was set at *P* ≤ 0.05. Statistical analysis was performed with IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp, USA.

Results {#sec1-3}
=======

Antibacterial result {#sec2-5}
--------------------

### Inhibition zones result (agar well diffusion method) {#sec3-2}

The inhibition zones result of different incubation periods (after 24 and after 48 h) for the two cavity disinfectants (NanoCare and CHX) were assessed against *S. mutans* growth. The means and SDs values for the inhibition zones (mm) were displayed in \[[Table 1](#T1){ref-type="table"}\].

###### 

The mean±standard deviation values of inhibition zone results of the two disinfectant agents against the profile growth of *Streptococcus mutans* after different incubation period

![](CCD-9-457-g001)

Concerning the effect of time on inhibition zones exhibited by each disinfectant, the NanoCare group showed a statistically significant increase in mean values of inhibition zones diameter from 24 h (7.76 ± 1.96) to 48 h (16.17 ± 1.98), where *P* ≤ 0.001. For the CHX group, no statistically significant change was found in mean values of inhibition zones diameter through the incubation period from 24 h (21.22 ± 1.30) to 48 h (21.64 ± 1.80) where *P* = 0.575.

Comparison between the two disinfectant agents in each time period against *S. mutans* growth revealed a statistical significance difference (*P* ≤ 0.05). A CHX group demonstrated the higher mean inhibition zone values (21.64 ± 1.80, 21.22 ± 1.30) than NanoCare group (7.76 ± 1.96, 16.17 ± 1.98) after 24 h and after 48 h, respectively.

### Counting bacterial colonies result (contact test) {#sec3-3}

A statistically significant difference in *S. mutans* colony counts was found between controls, NanoCare, and CHX groups where *P* ≤ 0.001. In addition, there was a reduction in *Streptococcus* colony counts at different dilutions for each disinfectant (CHX group and NanoCare group) (*P* ≤ 0.001) compared to control group. Furthermore, a statistically significant difference was found between NanoCare and CHX groups where *P* ≤ 0.001. The highest mean value was found in control (282.67 × 103 ± 2.52 × 103) followed by NanoCare (206.14 × 103 ± 43.60 × 103), the lowest mean value was found in CHX (11.28 × 103 ± 6.11 × 103) \[[Figure 1](#F1){ref-type="fig"}\].

![Line chart representing counts of *Streptococcus mutans* were expressed as a number of colony-forming units/ml at different dilutions for each cavity disinfectant (NanoCare and Chlorhexidine) and comparison with the counts of *Streptococcus mutans* (without disinfectant)](CCD-9-457-g002){#F1}

Particle size distribution by number and zeta potential measurements {#sec2-6}
--------------------------------------------------------------------

[Figure 2](#F2){ref-type="fig"} shows the particles size distribution in NanoCare sample measured using a Zeta-Sizer Ver. 7.04 instrument. The data revealed that 99% of particles number with average size of 29.07 nm ± 7.244 nm and 1% of the total particle had an average size of 136.7 ± 60.89 nm. Furthermore, the Zeta potential value of NanoCare was revealed an average −6.5 ± 8.73 mV \[[Figure 3](#F3){ref-type="fig"}\].

![Size distribution by number](CCD-9-457-g003){#F2}

![Zeta potential measurement](CCD-9-457-g004){#F3}

Discussion {#sec1-4}
==========

Dental caries is the most frequent infectious disease affecting the tooth\'s hard tissues. Its development and further progression are caused by Gram-positive bacteria, especially *Streptococcus* and *Lactobacillus*, which proliferate in the acidic environment of the dental plaque (pH ≤5.0) and are important etiological factors in caries formation.\[[@ref16][@ref17]\]

The operative treatment methods focus on the removal of the infected tissue and its reconstruction with a restorative dental material, e.g., polymer resin. However, the seal between the tooth\'s tissues and the filling material is never ideal; and therefore, the infection beneath the restoration is considered a great threat to the pulp and more than half of the cavity restorations are replaced due to bacterial microleakage.\[[@ref2][@ref16]\]

The bacteria may survive underneath the restorations up till 139 days producing toxins and other destructive products of their metabolism. Thus, the treatment efficacy depends on bacteria clearance, proper seal (elimination of the microleakage), and possibly, antibacterial properties of restorative materials.\[[@ref2][@ref16]\] Sadly, not all of the dental materials possess antibacterial properties. Therefore, the concept of toileting of the cavity is gaining wider acceptance with a variety of commercially available dentin disinfectants launched into the market.\[[@ref2]\] These dentin disinfectants are (among others) CHX. NanoCare was selected as a surface pretreatment material to be investigated in this study as a suggested newly innovated cavity disinfectant with a strong antibacterial property.\[[@ref18]\]

Following the manufacturer\'s instructions, NanoCare is to be applied on dentin surface after acid etching and before primer and adhesive application with etch-and-rinse adhesive systems. Furthermore, the manufacturer claimed that NanoCare was developed to enhance the physical parameters of restorative materials and improve the adhesion between dentin surface and resin composite.\[[@ref2][@ref16]\]

In the present study, we focused on NanoCare to assess its antibacterial activity against Gram-positive cariogenic bacteria in comparison with CHX disinfectant. *S. mutans* was chosen as the target microorganism because it is a well-known major pathogen of caries.\[[@ref19]\] The present counting bacterial colonies and inhibition zones results showed that NanoCare and CHX groups had a significant decrease in bacterial count, where CHX showed significantly higher rate of bacterial inhibition at both time intervals.

Regarding the antimicrobial efficacy of NanoCare, Mohamed Hamouda\[[@ref20]\] confirmed that the incorporation of AgNPs into different adhesives was successful in enhancing their physical and antimicrobial properties. Furthermore, several studies reported that the experimental composite adhesive enriched with AgNPs are less prone to bacterial biofilm accumulation on their surfaces without any negative impact on the polymer\'s physical characteristics.\[[@ref20][@ref21][@ref22]\] In addition, a dental literature by Cristóbal *et al*.\[[@ref23]\] concluded that AgNPs present antibacterial activity on *S. mutans* and this property depends on the size of the particles. This latter study was clarified that the smaller the NP, the more it releases the silver ions (Ag + ions) and their antibacterial effect can be better.\[[@ref23]\] According to these studies, the possibility for antibacterial activity of NanoCare disinfectant could be proposed that once bacteria are exposed to NanoCare solution, Ag + ions could be released from AgNPs into the bacterial suspension and interact with bacteria by electrostatic attraction between negative charges of bacterial cell wall/membrane and positive charges of ions. In keeping with the preceding investigation, it could be explained our inhibition zones results of NanoCare disinfectant toward *S. mutans* growth.

While for CHX, it has frequently been applied to tooth cavities before placing a restoration because of its broad-spectrum antibacterial activity.\[[@ref24][@ref25]\] The antibacterial capacity of CHX is owing to a positively charged of its hydrophobic and lipophilic molecule that interacts with phospholipids and lipopolysaccharides in the bacterial cell membrane and enters the cell.\[[@ref8]\]

According to the microscopic evaluation of chemical composition of NanoCare that performed by Mackiewicz and Olczak-Kowalczyk,\[[@ref6]\] the dominant type of NPs in NanoCare solution was AgNPs. This latter study was in agreement with particle size distribution results of the present study. Therefore, from our study, it was revealed that 99% of particles number in NanoCare disinfectant were AgNPs with an average size of 29.07 nm, while the rest of particles(1%) was AuNPs with average size 136.7 nm. Those mingy content of gold bound to AgNPs creating larger conglomerates as reported by Mackiewicz and Olczak-Kowalczyk.\[[@ref6]\] In the conglomerate Au-AgNPs, gold is situated on the surface of a AgNP, thus it may affect the release of silver ions or decrease the efficacy of antimicrobial activity of AgNPs.\[[@ref6]\] In addition, Hashimoto *et al*.\[[@ref26]\] reported that the efficacy of AuNPs was size dependent, the smaller the particle size, the higher the potency. As was mentioned above, the average size of AuNPs was 136.7 nm, so the potential antimicrobial activity of AuNPs could be decreased. Hence, all previous investigations could be explained the present lower mean inhibition zone values of NanoCare group than a CHX group after 24 h and after 48 h, respectively. Accordingly, based on our data, we suggest that antibacterial activity of NanoCare disinfectant depends on the type and size of its incorporating NPs.

When using antimicrobial preparations, it is highly important to know whether there is any possibility of the occurrence and spreading of pathogenic bacterial forms resistant to them that would significantly decrease these preparations effectiveness.\[[@ref27]\] Accordingly, Ag+ ions that were released from AgNPs presenting in NanoCare might decrease the antimicrobial efficacy of this disinfectant. However, due to the silver ion action on various cellular processes, silver resistance in bacteria is rather seldom; resistant forms of pathogenic bacteria appear more rarely than antibiotic-resistant bacterial forms, and no wide spreading of silver-resistant forms was observed.\[[@ref27]\] Furthermore, AgNPs were nondirect sources of toxicity due to their permanent slow release of silver ions into the media. Therefore, NanoCare disinfectant has a potential antimicrobial activity with no chances for either pathogenic bacterial forms resistant or the risk of AgNPs cytotoxicity. Furthermore, previous studies were reported that cytotoxicity difference was associated with differences in NPs diameter.\[[@ref28][@ref29][@ref30]\] accordingly, there is a high probability that the larger AuNPs in NanoCare disinfectant showing the least cytotoxicity.

Although the positively charged NPs showed much greater cell uptake than negatively charged NPs because this charge promoted their interactions with the negatively charged cell surface,\[[@ref31]\] our Zeta potential results for NanoCare disinfectant revealed negatively charged NPs (−6.5 ± 8.73 mV). This discrepancy between the latter study and our results could be due to NanoCare disinfectant has been designed to interact with the positive catalytic domain (i.e., Zn2+) of matrix metalloproteinases (MMPs).\[[@ref32][@ref33]\] Hashimoto *et al*.\[[@ref34][@ref35]\] showed an inhibitory effect of AuNPs on MMPs -- 1, 2, 8, 9 through chelation of zinc in their catalytic domain and subsequently its inactivation.

Since we tested only one strain of *S. mutans* which was a sole target microorganism used in this study because of its well-known pathogenicity in dental caries, the effect may be different in other strains of cariogenic bacteria. However, dental plaque is a complicated ecosystem of approximately 1000 bacterial species.\[[@ref36]\] Therefore, use of a microcosm model in the future studies would be preferable.\[[@ref37]\] In line with previous studies, compare with bacteria in planktonic culture, bacterial biofilms have dramatically higher resistance to antimicrobial agents, including NPs and antibiotics.\[[@ref38][@ref39]\] Therefore, studies the effect of NanoCare disinfectant on cariogenic bacterial biofilm would be noteworthy to explore. Moreover, further studies on the mechanism of NP action incorporating NanoCare disinfectant would help us better understand the function of both Ag and AuNPs affecting on this cariogenic bacterium as well as other strains. Furthermore, a supplemental research must consider to detect the resistance of v to NanoCare disinfectant, in time.

Conclusions {#sec1-5}
===========

NanoCare cavity disinfectant displayed good antibacterial activity against Gram-positive cariogenic bacteria, *S. mutans*. The innovative incorporation of AgNPs and a few AuNPs into this cavity disinfectant could improve the antimicrobial capacity of material and might help to decrease secondary caries risk.

Financial support and sponsorship {#sec2-7}
---------------------------------

Nil.

Conflicts of interest {#sec2-8}
---------------------

There are no conflicts of interest.

The authors would like to thank the continuous positive emotional support and fruitful advice of late Dr. Mokhtar N. Ibrahim, Professor of Operative Dentistry, Faculty of Dentistry, Ain-Shams University.
